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Abstract 
This paper introduces the method used to produce a 3D model of an Aboriginal Rock Art Cave for inclusion in a synthetic 
environment using the Torque game engine as its user interface. The site chosen for this is an area called “The Tombs” in 
the Mt Mofatt section of the Carnavon Gorges National Park. The project was part of the Digital Songlines (DSL) Project 
(Leavy et al, 2006), which is funded by an Australasian CRC for Interaction Design. The DSL project is developing 
protocols, methodologies and a toolkit to facilitate the collection and sharing of Indigenous cultural heritage knowledge, 
using virtual reality. Within that context, the Mt Mofatt Rock Art forms one of the most important aspects of the 
Aboriginal culture. As such it needed to be represented with great cultural accuracy. 
 
Introduction  
For thousands of years, Australian Indigenous people have passed down their culture through story telling, dances, songs 
and rock painting. According to Bednarik (2001, pg 2) 
Australia boasts the greatest concentration of rock art in the world. It is impossible at this stage to provide 
reliable quantitative estimates of Australian rock art and in view of the size of the task this will remain so for 
many more years. However, in assembling the best estimates from leading specialists working in the main regions 
one would expect that there are well in excess of 100 000 rock art sites in Australia. 
Some of these sites have already disappeared due to erosion, or destruction. Others are in danger of being lost forever, 
such as Kenniff’s Cave near Mt Mofatt which is collapsing. Recording 3D models of these sites provides an alternative 
method of preserving them for future generations. The integration of the models in a virtual reality environment gives 
Aboriginal Cultural Custodians another tool to record and share their wealth of knowledge. 
 
With the disappearance of many sites it is crucial to develop a fast and simple method to facilitate the recording process. 
Within the scope of the Digital Songlines Project, a number of methods have been tested. This paper focuses on a simple 
approach tested on the rock art of the Tombs. It does not imply that this is the most efficient method in all cases. 
 
Given the nature of the model to construct, traditional recording methods of surveying or modelling would have produced 
a very high number of polygons making it necessary for a lengthy process of optimization. Laser scanning, on the other 
hand, would produce the most accurate data collection but would be difficult due to the presence of numerous trees at the 
site. Due to the remoteness of the site, it was not practical to carry large equipment in. Photogrammetry was an obvious 
choice. But here too, the processing of data and the need to obtain pictures from accurate angles and positions presented 
problems. The geometrical accuracy was not a priority, as the purpose of the model was for visualisation alone. 
Therefore, a much simpler method of surveying and modelling was chosen. The following describes the method for 
capturing the Mt Mofatt Rock Art in detail using a simple, highly transportable, yet accurate, manner. 
 
Materials and Method 
 
Background. 
The Digital Songlines project is about more than simple visualisation. Rather, its mission is recreating an experience in a 
game engine; a way of interacting with the reconstructed landscape. It identifies the key elements, giving each place a 
special cultural significance that a local Aboriginal group identifies as being within their tribal boundaries. Integrating the 
key cultural elements in a synthetic environment goes some way to providing a setting that is an alternative way of 
exploring inaccessible or destroyed significant sites. “Traditional” virtual heritage reconstructions are dependent on 
sophisticated technology, Digital Songlines, on the other hand, depends firstly on an understanding of the traditional 
cultural values attached to specific landscapes by local Aboriginal people and then on the methodology and process of 
integrating those values in the digital environment with a focus on significance and cultural relevance independent of the 
level of visual realism attainable. In this sense, it is more aligned with cultural, rather than technological, outcomes per se. 
 
The use of a game engine provides a sense of presence. “Presence is defined as the senses of being in an environment” 
(Steuer 1993, pg 74). This is crucial to the Digital Songlines Project. Aboriginal cultural custodians prefer to share their 
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culture in a location in relation with the context of the story. “Aboriginal reading comes out of the land, each place is a 
repository for information that is rarely commented upon elsewhere in the abstract but is released or stimulated by the 
place itself”(Strang 1997, pg 200) Hence. VR representations of Sacred Sites need to produce a sense of presence to 
mulate a story’s context linked to a site. si  
  Where the Digital Songlines Project can also be differentiated from other virtual heritage projects is its focus on 
landscape rather than buildings, monuments, statues, artefacts. The modelling of buildings, using current technology, is a 
fairly straight forward process. This is because the orthogonal geometric forms of these objects require only a minimum 
number of polygons. Where landscape modelling has occurred, sophisticated polygon reduction techniques have been 
necessary to load the resultant 3D models into a VR or game engine. 
 
For example, the historic village of Shirakawa-go in Japan is a village on the UNESCO world heritage list. The landscape 
for Shirakawa-go was modelled with aerial photographs used as height maps. This is a process in which the pixel values 
of the  black & white photos is used to produce a 3D mesh. The result was a 3D mesh with a very high number of 
polygons which could not be loaded into a real time VR system. Therefore a complex process of polygon reduction had to 
be used, resulting in a subsequent loss of 3D information. This was overcome by the use of a medium resolution texture 
map (Hidekazu et al. 2000). 
 
In another example, the Mural in Sagalassos is one of the largest archaeological sites in the Mediterranean. It lies at the 
southern flank of the Aglasun mountain in Turkey. To model the site of Virtual Sagalassos, a team from the university of 
Leuven developed their own technique, largely based on photogrammetry (Luc et al. 2000; Pollefeys et al. 2001). It 
provided accurate 3D geometry of the different buildings, statues and artefacts found on the site. Another team from the 
Swiss Federal Institute of Technology Zurich, Switzerland, later used the same project techniques to enhance it’s visual 
appearance through the use of composite textures extracted from photographs taken on the site. They were able to 
produce high quality textures. (Alexey et al. 2001). 
 
  Both these examples are recreated heritage sites, and are long term projects using a lot of resources. They are both 
situated in locations which are easily accessed. In both cases, the developers took a lot of time to acquire the data and to 
re-construct the 3D models. Their methods offer more than simple visualisation as they allow archaeologists, historians, 
and researchers, the possibility to use their 3D models to take measurements, run simulations and other experiments. 
While similar methods could be used for a small number of the major Aboriginal Rock Art sites around Australia, it 
would be too difficult, and time consuming, to apply them to the large number of sites that need to be recorded. What 
these projects demonstrate, however, is that with good quality textures one can achieve a very realistic representation of a 
landscape without the need for an accurate 3D mesh requiring a large polygon count. 
 
Data Collection. 
 Picture 1 
The site chosen for the first experiment is located at the sacred site 
“The Tombs” at Mt Mofatt in central Queensland. It is accessible 
only by 4wd vehicle. It is approximately 12 hours from Brisbane. 
The site can only be reached by walking along a 3km trail. All the 
equipment required had to be carefully evaluated in order to avoid 
any subsequent trip. It was imperative that it could be carried 
without too much effort by a small number of people along the 
small track winding through the forest from the car park to the 
site. The equipment included a theodolite, measuring tapes, 
dumpy level, video and still digital cameras, tripods, laptop 
computers and GPS devices. 
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A series of high resolution (6 Mpixels) photographs of the rock 
face were taken onsite (Picture 1). As these were to be used for the 
base of the mesh modelling, as well as for the texturing of the final result, it was important that the colour spectrum, and 
the luminosity, were consistent for all the photos. Hence, the timing was chosen such that the entire rock face was in the 
shade. An SLR camera was chosen for its capacity to operate in manual mode. The average luminosity was measured, and 
the camera was set to that value. Each camera position was measured in relation to a datum point and its GPS coordinates 
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recorded so that the location of the site could be plotted accurately. Care was taken to ensure that all the pictures had a 
good amount of overlap. This was important to allow for the composition of a panorama showing the entire rock face in 
one picture. 
 
The overall size of the rock art was measured, so that the length, height, position and size of the major features, such as 
cracks, recesses, and overhangs were recorded with sufficient accuracy to reproduce the site with correct proportions and 
scale. The location and type of trees close to the cave were also recorded, as were major rocks in the vicinity. All the 
photographs taken were then transferred to a laptop and checked for data integrity.  
 
Data Process 
 
Autodesk 3DS Max® was used to model the rock face, but the technique describe can be used with just about any 3D 
modelling software. The process is simple and consists of creating a single face onto which a picture can be projected 
before the features of the rock face are traced using lines. To ensure correct size and proportion, the face is created from 
general measurements done on site with a tape measure. The projected picture is then reconstructed from a number of 
photos stitched together. 
 
In order to form a panorama, each photo has to be corrected. The correction includes barrel distortion, pincussion 
distortion, and perspective distortion. It is also necessary to optimise the pitch, roll, and yaw for each photo. A range of 
software designed to automate the stitching is available. It took about 1hr to produce the panorama using Panotools. 
(Picture 2) 
 Picture 2 
 
   
  With the panorama created, the modelling could start in 3Ds Max. First, a texture was created using the panorama as a 
diffuse map; then a simple plane consisting of 100 polygons was created (Picture 3). The next step consists in reproducing 
the different levels in the rock face. To achieve this, it was necessary to create the necessary polygons to be manipulated 
by extrusion. The size and position of these polygons was determined by 
tracing vectors on the plane, following the most obvious cracks and 
recesses. (Picture 4)  
Picture 3
 
  The plane was then converted to a mesh and the vectors embedded in it. 
This process automatically creates the new polygons by following the 
shape of the vectors. (Picture 5). Each vector determines a new set of 
polygons that can be manipulated individually or in a group. The next step 
consisted of positioning these polygons by moving or extruding them. 
Moving adjusts the polygons around the displaced ones while extruding 
creates new adjacent polygons to bridge the gaps left by the displaced 
polygons. This is illustrated in picture 6. The first illustration shows the 
plane with no polygon modification, the second shows displaced polygons, 
and the third extruded polygons.  
Picture 4
Picture 5
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Picture 6 
 
 
Extrusions are only necessary where there are clear overhangs. But, because this process creates new polygons, a 
remapping of the texture is necessary, adding complexity to the process. In this case, it was only necessary to extrude the 
bottom part of the rock face, as it forms a deep recess. But, because the roof of that recess cannot be seen, re-mapping was 
not carried out. As can be seen in Picture 7, the result after just a few polygon manipulations, provides sufficient rock 
movements to give a realistic impression of the actual site. The resulting mesh could be optimized even further if 
necessary. Without optimisation however the number of polygons obtained was less than 4000. 
 
  
Picture 7 
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Results and Discussion 
Using a digital camera, a measuring tape and a laptop computer, a realistic 3D model of the Rock Art of Mt Mofatt was 
created in just a few hours by one person. This is a process that would normally require many days of work by a team of 
experts. While the 3D model produced cannot be regarded as an accurate geometric reproduction of the actual site, it is, 
however an accurate graphical reproduction of it. The model was shown to members of the project team who were not 
aware of the modelling technique used. The presentation took place on a large immersive VR screen during an informal 
discussion. (Picture 8) Although all the people present had seen the actual site, and knew it well, nobody noticed that the 
3D mesh was not geometrically accurate. The model has also been shown to a group of Aboriginal people. However none 
of them knew the actual site, but all found the VR demonstration convincing.  
 
 
Picture 8 
 
Conclusions 
  While we have not been able to evaluate the quality of this reproduction with the traditional Aboriginal Cultural 
Custodians of the area, we have demonstrated that it is possible to create a convincing model with a very simple process. 
This makes it possible for one person to visit rock art sites with a camera and a laptop and carry out all the work on-site in 
a day. The next step in our research is to identify a site well known by Aboriginal Cultural Custodians and to simulate it 
using the same technique and to evaluate its effectiveness with them. 
 
  The ancient culture of Australian Aborigines is recorded in this rock art. Latest scientific research shows that aboriginal 
culture can be dated to at least 40,000 years. However, since European colonisation, farming, mining, tourism and many 
social impacts of modern civilisation have threatened this most remarkable cultural heritage. Aboriginal cultural 
custodians, knowledge owners, community leaders and the Indigenous academia have realised the need to act to preserve 
the evidence of Australian Aboriginal heritage, and also their culture itself to give young and future generations of 
Australian Aborigines a chance to preserve their Aboriginal identity (Gard and Bucolo 2005). 
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  It is in this context that the Digital Songlines project has set itself two major tasks: the first is to collect the cultural 
knowledge from Australian Aboriginal cultural custodians and Knowledge keepers, and the second, to provide a means of 
sharing that knowledge with future generations of Australian Aborigines through virtual environments. This project goes 
some way towards achieving these goals. 
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